Lymphadenectomy in Ovarian Neoplasms
T he mainstay of treatment of advanced ovarian cancer is primary surgery with the aim of macroscopically complete resection of all visible tumor, followed by chemotherapy that includes carboplatin and paclitaxel. 1 More recently, systemic therapy with bevacizumab, an anti-vascular endothelial growth factor antibody, combined with chemotherapy and thereafter used as maintenance therapy has been proposed. 2, 3 Surgical outcomes in ovarian cancer are classified according to the size of the largest residual tumor present after surgery, which is one of the most important prognostic factors. 4 Resection of the tumor is regarded as complete if no macroscopically visible tumor remains. 5 Lymphatic spread has been reported to be a common feature and an important prognostic factor in both early and advanced ovarian cancer. Studies of unselected case series including patients with disease in all International Federation of Gynecology and Obstetrics (FIGO) stages have shown a 44 to 53% rate of lymph-node metastasis detected by systematic lymphadenectomy. 6, 7 Some retrospective analyses have suggested a potential survival benefit from systematic pelvic and paraaortic lymphadenectomy in patients with macroscopically completely resected advanced ovarian cancer, [8] [9] [10] [11] [12] although a prospectively randomized trial did not show an overall survival benefit. 13 However, the latter trial evaluated only the extent of lymphadenectomy (systematic removal vs. removal of enlarged lymph nodes only) and included both patients with macroscopically complete resection and those with residual tumors of up to 1 cm in diameter after surgery. A more precise and homogeneous selection of both the trial population (only patients with macroscopically complete resection) and the procedure (systematic lymphadenectomy vs. no lymphadenectomy) and inclusion of a qualityof-life evaluation should help to balance the potential additional treatment burden of this surgical procedure with its potential benefits. Here, we present the results of the Lymphadenectomy in Ovarian Neoplasms (LION) trial, a prospectively randomized, controlled trial of systematic pelvic and paraaortic lymphadenectomy in patients with macroscopically completely resected primary ovarian cancer.
Me thods

Patients
Patients were eligible for participation in the trial if they had a histologically proven primary diagnosis of advanced epithelial ovarian cancer of FIGO stage IIB through IV (in FIGO stage IIB through III disease, the cancer has not spread outside the peritoneal cavity; patients with metastases outside the peritoneal cavity [FIGO stage IV] were included if resectable metastases were present in the pleura, liver, spleen, or abdominal wall), if macroscopically complete resection seemed feasible, if they were between 18 and 75 years old and had a good Eastern Cooperative Oncology Group (ECOG) performance status score (0 or 1; scores range from 0 to 5, with higher scores reflecting greater disability), and if they had provided written informed consent. The trial protocol and statistical analysis plan are available with the full text of this article at NEJM.org. Patients could undergo randomization only if macroscopically complete resection had been achieved, the patient was still in good condition, and clinically positive nodes were not present. To evaluate the lymph-node status, it was recommended that the retroperitoneal space be opened from the inguinal ligament to the renal vein. If there were any nodes that appeared macroscopically to the surgeon to be involved with tumor, the patient did not fulfill the eligibility criteria, and further treatment was performed according to local standards.
Trial Design
Patients who met the presurgical eligibility criteria were registered with the central randomization office no later than 1 day before surgery. Treatment assignments were concealed from the surgical team. The central randomization office did not disclose the assignment until a telephone call was received from the surgical team stating that the patient met the intraoperative eligibility criteria. Hence, the assessors of intraoperative eligibility were not aware of the treatment assignments until they had confirmed eligibility. Patients were randomly assigned in a 1:1 ratio to undergo either systematic lymphadenectomy or no lymphadenectomy. We applied a covariateadaptive randomization procedure as described T h e ne w e ngl a nd jou r na l o f m e dicine by Rosenberg and Lachin, 14 which combines elements of the minimization approach with a biased coin technique. The stratification factors were trial center, patient age (<60 or ≥60 years), and ECOG performance status score (0 or 1).
Participating centers had to qualify before participation in the trial. The first and last authors evaluated anonymous surgical and pathological reports that included a systematic pelvic and paraaortic lymphadenectomy performed within the preceding 12 months at every center. To qualify, at least 12 operations in the previous year had to fulfill the quality criteria as described in the protocol (chapter 6.4).
The trial was performed in accordance with European Network of Gynecologic Oncology Trialists model A. 15 The authors vouch for the accuracy and completeness of the data and for the fidelity of the trial to the protocol.
Trial End Points and Assessments
The primary end point was overall survival calculated from the date of randomization to death. Secondary end points included progression-free survival (calculated from randomization to disease progression or death, whichever occurred first), quality of life ( 
Statistical Analysis
The primary efficacy analysis of overall survival was performed with a two-sided stratified logrank test with a significance level of 0.05. On the basis of previous studies, we assumed a 3-year overall survival rate of 76% in the no-lymphadenectomy group and planned for the trial to show a hazard ratio for death of 0.7 in the lymphadenectomy group as compared with the no-lymphadenectomy group, corresponding to a 3-year overall survival rate of 82.5% in the lymphadenectomy group. With a planned enrollment period of 3 years and a 6-year follow-up phase, and accounting for a potential dropout rate of 10%, we calculated that 640 patients would need to be enrolled in order to record 247 deaths, which ensured a power of 80%.
The primary efficacy analysis was performed in the intention-to-treat population. A sensitivity analysis was performed in the per-protocol population, which consisted of patients without major protocol violations (Fig. S1 in the Supplementary Appendix, available at NEJM.org). To compare event time distributions, we used KaplanMeier methods, as well as log-rank tests (stratified according to age and ECOG performance status) and Cox regression models.
R esult s
Patients and Procedures
From December 2008 through January 2012, a total of 1895 patients gave written informed consent and were preoperatively registered, and 650 patients (34.3%) met the intraoperative criteria for randomization. Because 3 patients were excluded, 647 patients made up the intention-to-treat population, with 323 patients in the lymphadenectomy group and 324 patients in the nolymphadenectomy group (Fig. 1) . The characteristics of the patients were well balanced between the groups (Table 1) . Surgical procedures beyond basic procedures such as bilateral salpingooophorectomy, hysterectomy, and omentectomy included parietal peritonectomy in approximately 90% and gastrointestinal tract resection in more than 50% of the patients in both groups. The randomly assigned intervention was performed in 99.1% of patients in the lymphadenectomy group and 96.6% of patients in the no-lymphadenectomy group. A median of 57 resected lymph nodes was reported in the lymphadenectomy group, including 22 paraaortic and 35 pelvic nodes. Pathological diagnosis revealed microscopic lymph-node metastases in 55.7% of the patients in the lymphadenectomy group.
Survival
In the overall population of patients, median progression-free and overall survival were 25.5 months (95% confidence interval [CI], 21.9 to 28.6) and 67.2 months (95% CI, 61.2 to 74.8), respectively. The median overall survival was 65.5 months in the lymphadenectomy group and 69.2 months in the no-lymphadenectomy group (hazard ratio for death in the lymphadenectomy group, 1.06; 95% CI, 0.83 to 1.34; P = 0.65 by stratified log-rank test with stratification according to age and performance status). The analysis of the secondary end point, progression-free survival, also did not show a significant between-group difference in benefit, with a median of 25.5 months in both groups (hazard ratio for death or progression in the lymphadenectomy group, 1.11; 95% CI, 0.92 to 1.34; P = 0.29) (Fig. 2) . The sensitivity analysis in the per-protocol population confirmed these results (Fig. S1 in the Supplementary Appendix).
Quality of Life and Complications
Clinically meaningful differences in global health status and subdomains of quality of life were not found between the groups, although there were significant between-group differences at some time points in subdomain scores of the qualityof-life measures. However, all differences in these scores were less than 10 points and therefore were regarded as not clinically relevant (see the "Quality of Life Methods" section and Figs. S2 through S8 in the Supplementary Appendix).
The addition of open lymphadenectomy to the debulking surgery had a significant effect on the median duration of surgery (340 vs. 280 minutes, P<0.001), median blood loss (650 vs. 500 ml, P<0.001), the percentage of patients receiving classification. FIGO stages I through IIA indicate early disease limited to the inner genital tract, stages IIB through IIIA advanced disease without macroscopic spread beyond the pelvis, and stages IIIB through IV advanced disease with macroscopic spread beyond the pelvis or distant metastasis. § Seven patients in the lymphadenectomy group and six patients in the no-lymphadenectomy group had cancer of histopathological stage T1 through T2a, N1 (early disease limited to the inner genital tract but with regional lymph-node metastasis, classified as FIGO stage IIIC at the time of enrollment). ¶ This category includes earlier procedures -for example, hysterectomy for a benign histologic abnormality. Table 2 ). The main reason for repeat laparotomy in both groups was bowel leakage or fistula, with 22 events in the lymphadenectomy group and 8 events in the nolymphadenectomy group. Independent predictive risk factors for repeat laparotomy were a longer No follow-up about systemic treatment 15 (4.6) 10 (3.1) * Complication was recorded at discharge after the original surgery. Data were missing for one patient in each group. † Complication was recorded within 60 days after surgery. ‡ Complication was recorded at any time during follow-up. § All deaths included here occurred within the first 30 days after surgery. ¶ Other nontaxane combination partner drugs were gemcitabine (in four patients in the lymphadenectomy group and one patient in the no-lymphadenectomy group), pegylated liposomal doxorubicin (two patients in the no-lymphadenectomy group), bevacizumab (one patient in the no-lymphadenectomy group), cyclophosphamide (one patient in the nolymphadenectomy group), and cisplatin-fluorouracil (one patient in the no-lymphadenectomy group). ‖ Category includes treatment mostly for cancer other than ovarian, tubal, or peritoneal cancer, with the exception of two patients with ovarian cancer in the no-lymphadenectomy group, one of whom received pegylated liposomal doxorubicin and one of whom received doxorubicin-ifosfamide. duration of surgery (>340 minutes in the lymphadenectomy group and >280 minutes in the nolymphadenectomy group), a higher American Society of Anesthesiologists score (III vs. I or II; scores range from I to VI, with higher scores reflecting greater baseline dysfunction), and randomly assigned treatment group (lymphadenectomy vs. no-lymphadenectomy) (Tables S1 and  S2 in the Supplementary Appendix). No lymph cysts were found 3 months after the end of chemotherapy in the no-lymphadenectomy group, but in the lymphadenectomy group the percentage of patients with asymptomatic lymph cysts increased (to 8.6%) and the percentage of those with symptomatic lymph cysts decreased (to 1.2%) relative to the percentages at the discharge visit. Chyle leaks were not reported. With regard to postoperative systemic treatment, 80.5% of the patients in the lymphadenectomy group and 83.9% of those in the no-lymphadenectomy group were treated with platinum and taxane with or without bevacizumab. The corresponding percentages in the per-protocol analysis were 86.0% and 87.4% (Table S3 in the Supplementary Appendix).
We also investigated the role of the level of treatment-center patient recruitment on overall survival in the intention-to-treat population. At 52 centers, at least 1 patient underwent randomization. At the largest center, 78 patients (12% of 647) underwent randomization. We evaluated the effect of lymphadenectomy as compared with no lymphadenectomy within high-recruiting centers (defined as those with ≥21 patients undergoing randomization) and low-recruiting centers (those with ≤20 patients undergoing randomization). Approximately 55% of patients underwent randomization in high-recruiting centers, and 45% underwent randomization in low-recruiting centers. No significant treatment effect was found in either subgroup.
Discussion
In this trial, patients with advanced ovarian cancer who underwent macroscopically complete resection did not benefit from systematic lymphadenectomy. In contrast, lymphadenectomy resulted in treatment burden and harm to patients.
The results of this prospectively randomized, adequately powered, international, multicenter trial add level 1 evidence to the long-standing discussion about the role of lymphadenectomy in advanced ovarian cancer and once more underline the importance of the use of proper research methods in generating clinical evidence. Many of the retrospective analyses including large numbers of patients have suggested a benefit of lymphadenectomy, and accordingly, patients have been exposed to this procedure over the decades. However, evaluations of lymphadenectomy as compared with no lymphadenectomy in nonrandomized studies are prone to several biases. Lymphadenectomy is a procedure with a considerable treatment burden, and the surgeon's decision as to whether to perform such a procedure may depend not only on disease characteristics such as stage or histology but also on the patient's age, performance status, or coexisting conditions. Consequently, patients with poor performance status would find themselves in a no-lymphadenectomy group, whereas younger and fitter patients may undergo lymphadenectomy more commonly. It is difficult to account for such a bias even if the surgeon is aware of the pitfalls of retrospective analyses.
A previously reported prospectively randomized international trial of lymphadenectomy also did not show a significant effect on overall survival among patients with advanced ovarian cancer. 13 However, the trial was criticized for several reasons, including the fact that centers had not been assessed for quality before participation in the trial, and it did not lead to the abandonment of the procedure in advanced ovarian cancer.
To avoid heterogeneous surgical quality as a potential weakness in our trial, we performed prospective evaluation of all centers. All centers had to prove their proficiency in performing a complete lymphadenectomy before being qualified to participate in the trial. Accordingly, the quality of surgery and the numbers of resected lymph nodes were higher than in previous gynecologic oncologic clinical trials analyzing this issue.
Another criticism regarding the above-mentioned trial of lymphadenectomy was that more T h e ne w e ngl a nd jou r na l o f m e dicine than two thirds of the included patients had residual postoperative intraabdominal tumor. 13 Resection of lymph nodes in patients with residual tumor may remove some tumor in the lymph nodes but will not change the status of residual tumor in the abdomen. Consequently, the prognostic effect of residual tumor in advanced ovarian cancer may mask the potential benefit of lymphadenectomy. We accounted for this assumed shortcoming by recruiting only patients who had undergone macroscopically complete resection. We knew on the basis of previous data that patients with clinically negative nodes often have histologically diagnosed lymph-node metastases. 6 Our assumption was that removing these tumor cells could further reduce residual tumor burden to such an extent that it would affect prognosis (turning an assumed macroscopically complete -but actually incomplete -resection into an "authentic" complete resection). However, this procedure did not provide a benefit, even though 55.7% of the patients in the lymphadenectomy group in our trial had positive nodes. We have to conclude that a macroscopically complete resection may not be improved by increasing the radicality of the procedure.
Another criticism of the previous trial was that the patients in both groups underwent lymphnode resection, because resection of bulky nodes was allowed in the no-lymphadenectomy group. We accounted for this pitfall by excluding all patients with bulky nodes, and we did not allow any lymphadenectomy to be performed in the no-lymphadenectomy group. Despite our efforts to prospectively address the concerns raised about the previous trial, we also did not find a beneficial role of lymphadenectomy. Moreover, our data indicated that substantial additional morbidity was associated with this procedure.
The relatively high morbidity and mortality in the lymphadenectomy group in our trial may be questioned. In a similar trial involving patients with early ovarian cancer, morbidity was lower than in our trial. 16 However, although the lymphadenectomy in early-stage ovarian cancer is technically the same procedure as it is in advanced ovarian cancer, the clinical perspective is different. In early disease, lymphadenectomy adds approximately 1 hour to a short overall surgery. Furthermore, patients with early disease commonly do not have symptoms or a large amount of ascites and are generally healthier than patients with more advanced disease. Lymphadenectomy in advanced disease also adds only 1 hour of surgery, but this is after a long and much more complex operation. The latter factor explains, for example, the higher incidence of repeat laparotomies in the lymphadenectomy group resulting from complications that at first glance were not directly associated with the removal of lymph nodes.
Overall, the cohort in our trial had relatively favorable outcomes, with a median progressionfree survival of 25 months and a median overall survival of more than 5 years, as compared with outcomes in other surgical phase 3 trials involving patients with advanced ovarian cancer. 17 In part, this finding may be related to the fact that treatment was performed in specialized surgical centers, which have several positive factors that have been associated with better outcomes, including high surgical volume, 18, 19 frequent study participation, 20 and high rates of macroscopically complete resection. 21, 22 However, the patients who underwent randomization were highly selected, as indicated by the number of registered patients relative to the number of patients who underwent randomization. The number of registered patients reflected all comers with suspected advanced ovarian cancer. We did not allow randomization without registration at least 1 day before surgery, to avoid an intraoperative selection bias. The registered population comes very close to reflecting standard practice. This approach led to a high percentage of patients (65.7%) not undergoing randomization, for several reasons. One of the reasons for nonrandomization was incomplete resection intraabdominally. Thus, the poorest prognostic group was not included -a group of patients who were unlikely to benefit from lymphadenectomy. The results in the no-lymphadenectomy group in our trial show that macroscopically complete resection is feasible in a substantial proportion of patients and -if lymphadenectomy is omitted -is not associated with excessive morbidity and is associated with a short-term mortality of less than 1%.
In conclusion, in this trial involving patients with macroscopically complete resection of advanced ovarian cancer and clinically negative lymph nodes, systematic pelvic and paraaortic lymphadenectomy was not associated with better outcomes than no lymphadenectomy and was associated with a higher incidence of postoperative complications.
